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^ ■ Abstract 

' We study the structure of constituent quarks by dressing bare quarks with the Gold- 

O ■ stone bosons and its imphcations for quark distribution functions of hadrons fi{x) 

^ ! 9i{x) and hi{x). In particular we discuss effects of the dressing on the nucleon spin 

structure, and find that contributions to chiral-odd hi{x) is quite different from those to 
gi{x), which can be measured in the semi-inclusive polarized deep inelastic scattering. 

> 
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1 Introduction 

Much of the success of the low energy hadron phenomenology is built on the con- 
stituent quark picture. Constituent quarks, which may be understood as quasi-particles 
of the non-perturbative QCD vacuum, play an important role to describe hadron prop- 
erties. This success naturally leads us to study the quark distribution function observed 
in deep inelastic scattering within the constituent quark picture. In fact, the constituent 
quark models have been applied to calculate the structure function by several groupsfll]. 
For the large Bjorken-x region valence constituent quark picture should work well as 
suggested by the quark counting rule. However, the valence quark description is not 
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enough to explain the intermediate and small-x behavior of the structure function. In 
ref. IQ, inclusion of the pion dressing and higher mass spectator process produces a 
substantial renormalization and provides a correct small-x behavior for structure 
function. In this talk, we extend it to the spin dependent twist-2 structure functions 
gi{x) and 

At the scale below IGeV, the relevant degrees of freedom are assumed to be con- 
stituent quarks (CQ) and Goldstone (GS) bosons. Once the bare quarks are dressed 
by GS bosons (tt, K and rj), we can write the constituent u-quark Fock state as 



U) = \/Z \uo) + d-K+) + ^ M7r°) + aK sK+) + ^ \uri) 
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where |mo) is the bare w-quark state and Z the renormalization constant for the bare 
state. Similar expressions can be written for other quarks. Using the SU(3) chiral 
quark model 0, we evaluate corrections to quark distributions illustrated in Fig.l. 
The GS boson fluctuation generates the renormalization of the bare state as well as 
depolarization effects on the CQ spin structure by emitting the GS boson in a relative 
P-wave state. Since we use the Infinite Momentum Frame, the factorization of the 
subprocess is automatic. The unpolarized w-quark distribution in the nucleon is written 
as 

U{x) = ZUo{x) + Pun/d ®do + K/tt ® P-Kd/u ®Uo + ^Pun/u O % H , (2) 

where Uq{x) and (io(x) are bare quark distributions in the nucleon, and ® denotes the 
convolution integral. P{y)ja/i is the splitting function which gives the probability to 
find a CQ j carrying the light-cone momentum fraction y together with a spectator 
GS boson {a = vr, K, rj), both of which coming from a parent CQ i. Vi/a is the i-quark 
distribution in the GS boson a. P{y)ja/i is given by 

nv).., - ^ (g^)7^4 (-^ --f + (3) 
\ f ) J y^{l - y) \m} - M/J 

where mi,mj,ma are the particle masses, = (m| + k^)/y + (m^ + k^)/{l — y) 

and fh = {rrii + mj)/2. The integral @ requires a momentum cutoff to set the scale of 
the chiral effective theory, and we adopt the exponential cutoff, exp[(m^ — M|q,)/4A^]. 
We use qa = ^, frtu = 360MeV and = 570MeV in the following calculations. 



We also calculate contributions to the spin structure function in terms of the spin- 
dependent splitting functions AP{y)ja/i- The process (b) never contributes to gi{x), 
because the GS bosons carry no spin. 
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Figure 1: GS boson dressing 



Figure 2: Pion cloud contribution 



2 Gottfried sum and nucleon spin structure in CQM 

Let us discuss the Gottfried sum and the nucleon spin structure in the chiral con- 
stituent quark model, as first done by Eichten et a/. [§]. By using the dressed quark 
distributions, the Gottfried sum is given by 

GSR= - [FKx) - F-{x)] = (1 - 2 (P.)) . (4) 

where (Ptt) = Jq^ dyPT^, the first moment of the splitting function. We fix the cutoff to 
reproduce the empirical value of the Gottfried sum, and find GSR ~ 0.23 {Z = 0.67) 
with A = 1.4GeV. This value should be understood as an upper bound of the cutoff in 
this model, based on the assumption that the violation of the Gottfried sum is entirely 
given by the GS boson dressing alone. 

We next study the nucleon spin structure. The spin fraction of the constituent 
M-quark is modified from their bare quark values as follows: 

An = ZAuo + i (AP^) A^o + (AP^) Ado + I (AP,) Auo , (5) 

2 D 

where Ago are the spin fractions of the bare quarks. Similar expressions can be written 
for (i-quark by replacing {u,d) with {d,u). We find that the first moment of the 
spin-dependent splitting function is small and negative, (AP^) = —0.06, which means 
depolarization caused by the P-wave coupling to the GS bosons is a significant effect. 

As a first rough estimate, we start from the naive SU{6) quark model values, 
Auq = |, Ado = ~|- Inserting these values into eq. (^, we obtain Am = 0.86, 
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Ad = —0.29, As = —0.006, and S = 0.56. Considerable part of the CQ spin is 
transfered to the orbital angular momentum of the GS bosons, but these values are 
still far from the empirical data. If we allow ourselves to vary the momentum cutoff, 
it would be possible to obtain a value around S ~ 0.3. However, the agreement with 
the nucleon axial- vector coupling constant Ga = An — Ad is then lost. We therefore 
conclude that the nucleon spin problem cannot be solved by the GS boson dressing 
alone, but the depolarization effects are nevertheless significant. 

Let us investigate some necessary further steps. Up to now we deal only with 
the SU{3) octet of GS bosons to build up the CQ structure, but the constituent 
quark already has non-trivial spin structure due to the U{1)a_ axial anomaly of QCD. 
Also, the pion cloud directly contributes to the axial vector current (Fig.2). The 
relativistic effects of the quark motion in the nucleon sould be also taken into account. 
Including all these contributions we find in the chiral limit (m,r = 0) Am = 0.93, 
Ad = —0.43, As = —0.12, and S = 0.210, which are now reasonably consistent 
with the empirical values. Although we cannot draw strong conclusion from the model 
dependent analysis, the present results combined with other contributions considered 
above go altogether into the right direction of providing a reasonable description of the 
nucleon spin structure. 

3 Chiral-odd structure function hi{x) 

We now focus on the chiral-odd transversity spin structure function hi{x). The 
chiral-odd hi{x) distribution corresponds to a target helicity-flip amplitude in the he- 
licity basis, and provides a correlation between the left- and right-handed quarks, 
which may tell us more about the chiral dynamics of QCD. In the non-relativistic limit 
hi{x) = gi{x), and hi{x) is slightly larger than that of gi{x) in the simple relativistic 
quark model. 

We use the same technique to calculate the splitting function 6P{x) for hi{x) struc- 
ture function, and find that a relation 

P{x) + AP{x) = 26P{x) (6) 

holds among the GS boson corrections, which implies a saturation of Soffer's inequality 
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Figure 3: gi{x) and hi{x) with the GS boson dressing[2] 

We want to point out that such a difference between gi{x) and hi{x) can be checked 
by semi-inclusive polarized deep inelastic scattering. We emphasize here the semi- 
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inclusive DIS on the transversely polarized nucleon with pion production. We can ex- 
tract hf{x)/h^{x) from the angle weighted spin asymmetry of this process by obserbing 
TT"*" and 7i~ in the final state0, We can also obtain gfi^x) / g^^x) using the longitu- 
dinally polarized nucleon. We show hf{x)/h^{x) (sohd) and gf{x)/gi{x) (dashed) in 
Fig.4||^. Due to the existence of the GS boson dressing their shapes are quite different. 
Simple valence quark model gives almost the same curve for both cases. 
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Figure 4: hf{x)/hi{x) and gfix) /gi{x) with the GS boson dressing[3] 



4 Conclusions 

We have investigated aspects of constituent quark structure in the deep inelastic 
processes by introducing the Goldstone boson fluctuations. This dressing generates the 
renormalization of the bare CQ state and depolarization on the quark spin structure. It 
is also found that this approach gives a large enhancement of the sea quark distribution 
in the pion, whose momentum fraction is twice as large as that of the nucleon sea0. 
Experimental tests of hi (x) distribution function will provide new insights into the role 
of the constituent quarks as quasi-particles. 
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